Abstract Human-induced growth of macro-algae is often assumed to increase trematode infections in fishes by increasing the abundance and condition of the parasite's intermediate host -snails -as this can boost the release of trematode larvae, cercariae, from the intermediate hosts. However, macro-algae can also impose barriers to the transmission of cercariae and reduce infections. We investigated whether an increased growth of filamentous algae affects the transmission of Diplostomum pseudospathaceum cercariae to the threespine stickleback Gasterosteus aculeatus, a common fish in eutrophied shallow waters. We exposed sticklebacks to trematode cercariae in the absence and presence of artificial filamentous algae, and recorded effects on the proportion of sticklebacks infected and the number of encysted metacercariae per fish. No significant effect of artificial algae on cercariae transmission was detected. However, the body size and the sex of the sticklebacks were strongly correlated with the number of encysted metacercariae per infected fish, with females and larger individuals being more infected. We discuss different factors that could have caused the difference in parasite transmission, including sex-related differences in body size and behaviour of sticklebacks [Current Zoology 61 (6): 991-995, 2015].
Human disturbance of the environment often triggers disease outbreaks by altering the dynamics of host populations (Lafferty and Kuris, 2005) . However, changes in the density of non-hosts can also shape epidemics by diluting the infection risk (Johnson and Thieltges, 2010; Ostfeld and Keesing, 2012; Thieltges et al., 2008) . A dilution effect can arise from any mechanism impairing parasite transmission, such as the presence of noncompetent (decoy) hosts, predation or hyperparasitism. For example, the physical presence of non-host organisms can act as a physical barrier and prevent shortlived free-living stages of parasites from reaching their host. For instance, Prinz et al. (2009) found the presence of seaweeds to physically obstruct the transmission of free-living trematode stages to their host, the blue mussel Mytilus edulis. This prevented the successful encystment of the parasite in and on mussels. Such results suggest that human-induced eutrophication of aquatic ecosystems that promotes the growth of aquatic vegetation could impose a dilution effect and hamper parasite transmission (Smith et al., 2006; Thieltges et al., 2008) . Vegetation could influence parasite transmission both directly, by forming physical barriers to the movement of free-living parasites, such as the transmission stages of trematodes and other endohelminths (Christensen, 1979; Prinz et al., 2009) , and indirectly by altering the behaviour of the parasite or the host, such as their activity and movements. Yet, surprisingly little attention has been given to the influence that human-induced growth of aquatic vegetation has on parasite transmission rate.
In the Baltic Sea, human-induced eutrophication is currently promoting the growth of filamentous algae, such as the green algae Chladophora glomerata (KrauseJensen et al., 2009) . The algae could act as barriers to the transmission of free-living stages of parasites to their hosts. For instance, the transmission of free-living stages of the eye fluke Diplostomum sp. to fishes could be hampered by an increased algal density. The trematode reproduces asexually in aquatic snails -their primary intermediate host -from which hundreds of freeliving cercarial stages can be released per day. These seek to infect fishes -their secondary intermediate hosts.
The algae could also influence the behaviour of their fish hosts, for instance by influencing the time they spend hiding in the vegetation and their activity pattern. A common fish host in the Baltic Sea is the threespine stickleback Gasterosteus aculeatus. 
Data analysis
Only replicates where the fish remained alive until the end of the experiment were included in the analysis (one fish died because of unknown reason during the 48 h trial). Data analysis was performed using generalized linear mixed models, using lme4 and nlme packages of the software R (version 2.15.2, R Development Core Team 2012). Family was included as a random factor and size (SL), sex and treatment (artificial algae) as fixed factors. When investigating the effect of artificial algae on the probability of infection (infected vs. non-infected), models were fitted using a binomial error distribution. When estimating the impact of artificial algae on the mean abundance of metacercaria per stickleback, the number of parasites was square-root transformed and models were fitted using normal error distribution. Backward model selection was conducted using Akaike information criterion (AIC). Due to collinearity between sex and size, one of these two variables at a time was included in the initial model. The distribution of the residuals was checked visually following Zuur et al. (2009) .
Results
In total, nine out of 53 fish did not carry any metacercariae of D. pseudospathaceum (two out of 26 in the control treatment and seven out of 27 in the algae treatment). No statistically significant effect of artificial algae, size (SL) or sex on the probability of infection was found (SL: n = 53, z = 0.70, P = 0.49; Sex: n females = 29, n males = 24, z = -1.55, P = 0.12; Treatment: n control = 26, n artificial algae = 27, z = -1.44, P = 0.15).
The presence of artificial algae had no significant effect on the number of encysted metacercariae (Table 1, Fig. 2) . However, the number encysted increased with body size (Table 1 ) and was higher in females (n females = 29, n males = 24, t = -2.11, P = 0.04). Females were larger than males [SL males (mean ± SD): 44.0 ± 3.4mm; SL females: 49.4 ± 2.9 mm], and models including either standard length or sex scored very similar Akaike information criterion (AIC) values (AIC Algae + SL : 234.49; AIC Algae + Sex : 235.97). A power test (longpower package, Donohue et al., 2013) revealed that in order to detect an effect of artificial algae on number of encysted metacercariae, with a difference of 70% between algae treatments (effect size), which is comparable to the findings of Christensen (1979) , a minimum sample size of 28 individuals per treatment is required to reach a statistical power of 0.80. As we had 26 and 27 individuals per treatment, the results strongly suggests that the artificial algae had no significant effect on infections, but more research is needed to verify this.
Discussion
The presence of artificial algae had no significant effect on the probability of sticklebacks becoming infected with D. pseudospathaceum. Moreover, the size and sex of the sticklebacks did not correlate with infection probability. This is unsurprising, as the infection dose was high in order to ensure that most sticklebacks were infected (Kalbe and Kurtz, 2006) . The number of parasites transmitted to sticklebacks, on the other hand, was correlated with the size and sex of the sticklebacks, but no significant effect of artificial algae was detected. The number of replicates is not high enough to refute the probability of an effect of artificial algae, but indicates that if there is an effect, the effect must be small and of less biological importance. Vol. 61 No. 6 The absence of a clear effect of artificial algae on infections suggests that anthropogenic eutrophication may not strongly limit the transmission of trematodes to sticklebacks through physical obstruction or alteration of the behaviour of the host or the parasite. We cannot separate between the effect of physical interference of transmission and changes in the behaviour of the host or the parasite, and the possibility remains that algae do hinder transmission but that a change in the behaviour of the fish or the parasite compensate for the change, resulting in no net effect. Moreover, the different origin of the parasite and the host populations could have influenced the results. Parasite populations co-existing with sticklebacks in the Baltic Sea could react differently to the presence of algae, particularly if the parasites in the Baltic Sea have not yet adapted to the recent increase in the growth of filamentous algae and, hence, are more sensitive to dense algae growth than the parasite population from the lake.
Current Zoology
The effect of aquatic vegetation on the transmission of trematode cercariae appears to vary among systems, as some experimental studies find aquatic plants and algae to obstruct transmission (e.g. Christensen, 1979; Prinz et al., 2009) , while one study does not (Hopper et al., 2008) . It is possible that variation in the shape and structure of plants and algae influence their potential to physically interfere with parasite transmission. In the present study, the effect of artificial algae could differ from that of natural algae, as the texture of the filtering wool differs from that of natural filamentous algae. In the field, algae could also provide a substrate for other organisms that depredate on the cercariae, or the algae could alter water chemistry through photosynthesis and the release of chemical exudates, which in turn could influence ceracarie transmission (Haas et al., 2002) . Moreover, free-living cercariae of different trematode species vary in shape and swimming behaviour (see Santos et al., 2007) , which could influence their sensitivity to algae barriers. Similarly, host species could differ in their behavioural responses to algal growth and, hence, in their susceptibility to infection in vegetation.
Our analysis revealed a correlation between parasite transmission and fish size and sex. The correlation with size could be a result of larger fish offering more surface for parasite penetration (see Poulin, 2000 and references therein) . Females, on the other hand, could have carried more parasites than males because they were larger. However, as sex and size explained a similar proportion of the variation in infections, it is not possible to tease apart their possible influence in this study.
Behavioural differences between the sexes could have influenced infection rate, as earlier work has found sexspecific behavioural differences to influence parasite infections (e.g. Reimchen, 2001 ). More studies are needed to determine if sex-specific behaviour contribute to differences between the sexes in trematode infections also in the present system.
The influence of human-induced eutrophication on parasite infections is often complex, as environmental change can influence the parasite and the host directly as well as indirectly through effects on the community of species (Johnson and Carpenter, 2008) . To unravel the influence of eutrophication on parasite infections, we need to consider the multitude of pathways in which eutrophication influences host-parasite interactions, including the influence of non-host organisms.
